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AllS’l’l{ACrl’

Chaigw.ouplcd  dcvic.cs (CUM) have. aow flow sucmsfully ia a aambcr of sImc sc.ka[ific  aad caSinmii]g  imshu-
alcll[s,  and have I a])idly  bccomc [I]c pmfcllc.d  tcclllmlop,y  fol Il]ost  imaging a]}~)lic.:itiolls. C)nc. of ~l]cil  carlies{  ])lanncd
a])plicalioas  ill space. was ia the pmcisioa (sulmc.smmd) stal lrackcr  fol- [he. Aslro  smics  of LJV missions. ‘J’hc  AS’1”I<(Y3 Star
“1’racker (AS’I’), (icxigacd  aad build by JI’I.  as a (lctl]olls(r:ttic)l~  iaslrumc]il  ia lIK early 80’s,  aad was ialc.gr:i(cd  uritl)  IIIC AsIto
scic]][ific  ]myload  ia 1985 for a plaaac.d  hfa{cll 1986 Iauach. Afkr a slip of ac.arly five. years, it was finally Iau[ichc.d in
lkccl~ll)cr  1990, f,athcriag  cxlcnsivc scica[ifk  da[a for over oac hua(irc.d  Wicmlific  IarScts. At lc:is[ cm addi[ioaai  launch is
plaamxl,  cwical]y  SCIMIUIMJ for Jaamy  1995.

‘1’llis  ]M]K.I  rc.views smnc  of IIIC AS’]’ rcsu][s from tlm AsIro-  1 fli~ht. Af[c.r IIm five-year stand dowa, pllo[omc[ric,
slxc[Ial aad p,eolnctlic  calilmrlions  rcmaillcxl  vit[u:illy  uilcllaa@, allowiag ]wcdic[ablc pclformaacc  (m al] targcls  and suc-
cessful  au[omatic  idca[ificatioa  of every slar field, Al(lmLIgIJt slnall  clum~cs  ill tllc o})[ical ]miat-sprchd  fuactioa  ilic.leased llm
ccalloid  C.JIO]-, llli~  did ml affml o]mltion  for As[Jo,  aad shoald 1X cojlc~[ab]c  for fularc imlrmncats.  OLH dala .wggcsl [hat
calilmlioa of ccn[loid  mm 10 tlic 1/100 ])ixcl lcwl is acllicx:ildc  wlIcil  Illc ]miat-spread faaclion remains slab]c.  “1’llc  dala alc
also consis[cllt  wi[li !Im ]l{)isc-cql]i}’:  ilci]t-a[~glc (NfiA) of l/300 l)ixcl ]ncasutcd in (IIC laboratory for’ bright s(ars.

“1’lic  AS’J’ co]lviacinp,ly  dcams[ralcd the adval]tagc.s  of usinf,  CCIX for s[ar  tlackiaf:,  aad ia [Ilc ]MWCSS l)c]p fil]d many
of lIK sciclllific  [arp,c(s  wkm Illc maia  Imialirlg  syslcln ckvclopc(i lmlllcuns.

1. IN’1’RO1)IIC’I’JON”

IXWC.IO]KA  ia ]nrI 10 dmons[ratc  [he. advantages of CCIX of stal--[l:ickia~,  II)C AS’I’ was finally laal~chcxl  alma[d IIJC.
As(K)- 1 Inissioa  ia l)czcmbcr  1990. hfaay of lIICSC advaa[a~cs  II:K1 already Imil ll)mou~llly dclnorlslratcd  oa the ground, bul
a fli:l][  was Irxxlcd  10 Iwovc ih:it  [he. lcchao!ogy  was availab]c for wide a]JJ)Iicaliol]. ‘1’IIc ])clfolmancc  of IIIC AS’1’  oa ASIW- 1
lnolc Ihaa jus[ific.d  the early optimism, fil Inly assuring tlIc domiaarm of CCIX for sJmc [racking applicatim)s  ia IIK fulurc.

(hi~,iaa]ly  i[ltcglatcd  for the flight lh:i( would immcdiakly  follow Challcllgcl-  ia cmly 1986, [k As!m-1  lll[raviolcl
as(IoIII>IIIy  ]]iissi(m NIaS fia:illy  launclmd cm S’13-35 ia 1 )ccunlw 1990 (Rc.f. 1 ). ‘Inc.  ]):iyl(m(l  c(msislcd  of [111’cc lal”gc. u]lraviolcl

lclc.sc(qms  moua[cd on ltlc. S]mclab  laslT umcal  l’oiatias  Sys[cIn  (11’S), u’llicll ]mvidc.d  tlmc-axis con[m] fm lhc :icquisilioa
and tl:lckiag  of scicalific  )[:irgc.  K. lacludcd ill {Ilc payload w:is [lm laiagc  Motion Co]lllrnsalim~  Sys IcIn (lh~CS), dc.si::ncd  10
accl]l a(cly coln]mnsa  [c. II)c c.xpcclcd liac-of-si:,ll[  dislallmcc,.  s (up to 10-?0 arcscm) caused by clew Inolioa and 1111 us[cr filing,
(l{cf. 2), Since. tl)c lMCS ]cquilcd s[cllar ]cfcrcaccs accwak [o Im[[cr III:ia  ot]c a]csccond, II)c ASrJ’ was dcxigl]cxl  [o ]wovidc
ltlis capability ovc.r a field- of-view l;irgc caollg,ll [0 ]mvidc. f,uidc slars  for l:wp,cls :inywl)m mi lhc cclcstial  s}hcrc,

\Vllilc tlIC ASrl’ ])crfor]l~c.d  ik lh4CS IO]C witlma[ difficl]lty, it al[imn[cly sc.rwd a ro]c cvca mom vi[al to ilIc SUCCC.SS  of
AstIo-  1. lly quickly and reliably filldiag, idca[ifi:ilk  stars,  tlIC AS-J’ hcllxxl ovcrcc)!w  a nalnbcr of sig,aificaat  diffical[ics
CX])C] irmccd by the pimc  system  (Rcf.3),  ‘1’tmc difficaltic.s  inc.ludcd both [hc iaahi]ify  of tlm ])limc Ilackcrs  (ir]l:tgc.-(iisscc[or
km(l)  10 fii]d ]c.quirc.d rcfwcncc s[ars, and IIIC failalc  of ollbmld  lxIta  IJisj)lay  lJai[s (IJI)U) USC(J by IIm Inissioa  ald ]Kiyload
spccialis[s  for co]l[rolliag  IIIC iashumca[s. IJor Astro-  I a lm.kq) star idc,r~[ificaticm  ca]nbility  wis (jcvc]opc(l  usiag  [k AS’]’
daln 11]:{[  had to bc operate.d from [hc glouad.  When tlic AS(JO payload is ]c-flowl  ia Jaauary 1995, tllc ca]ml~ility for :iuloma[-
ically idmlifyiag acquinxl  s[am will bc availahlc  as a s[andard o~xxalion.



‘]’his  JKipcr focwscs main]y cm tk in-flip,lll  ]mrfollnancc  of tbc. AS’I’. ID p:wiicular,  Ihc comla[ion  Mwczn grouIId  km
lwrfomml  ii] 1984, and lhc. flif,b[ data lakcn over six yc.ars lalcr indicalc. Illat the botli pbotmncll  ic an(i p,c.olncll”ic calibration
cm remain slab]c for years. Wtm  added 10 [I)c olbcr  advanlascs  of (:~l)s (fymctric  accuracy, abilily 10 measure many
i]na~,cs silil~llt:illc.ollsly,  loIw vdlagc opclalioit,  insensitivity to shay light  or niagrmlic flclcls,  hi@l  scnsilivily  and wide dyllalnic
rans,c, low mass,  c.k.), tbwc appears Iil[lc. room for imasc disscctms  or ])llololllLlllilJlicls  in fu[wc dcsip,ns.

‘1’llc As[ro lKIyloxJ  consis[s  of IIIrCC nl[lavio]c[ Iclcsco])cs, (k Ilopkins Ul(ravio]ct  ‘1’clcscqn  (1111’1’), tbc Ultravio]c[
]lll:l:,itlf,’J’c]csco]>c (U]”l’) and [ilc. Wisconsin Ul[mvio]cl  ]’llotc>-]’c)laril~]c[cr  ]txlmimcnt  (WLII’I’IL), all li~oui)lc.d  cm IIK lns[Nl-
]nc.nt l’oint  ir]g Syslcm (Higurc  1 ). II) addition to Ibc AS’1’, [[m IM(3  consis[cd of an incl [ial ]cfclcncc  unil, clcc.llonics  aMl
processor, all of wtiicll  were inlcpatcd and o]xialcxl  by (IK M:mball  S]ncc l~liglll  Ov~IcI’ (N4SI’(:).

‘I”hc missiorl  ]aslcd  alrnos(  nine days, wi(tl ?.4-tlolll/day  o~)clalions  co!ldllclc,d  in two Silif[s by two sclmra[c CI’CR’S.  Al-
IImg,l)  much of tlIc ]Mcss IcovcMgc was dcvolcd 10 tlIc ]))oblctns  cxlmicnccd  on (lIc fligbl, llIc mission was ullima(c]y dcclarcd
a COIN I)ICIC  success, duc in significant pa] 110 (1IC rcliab]c  ]mfo~[nal]cc  of tlm AS’I’.

2,1 I’lallncd  Opcralio]l
‘1’l]c acql]isitioll  sccn:irio  planned 10 rc.]y on llic imafic dissccior  l[ackcrs  provi(icd with Ihc ll)S Iminting mount  10 fiwl

j)lc-(l(:lclll)ii]ccl  p,uidc slals,  and usc (lIcsc as Icfc.mmvx  for ]clmin[inp,  10 llIc scicncc  largc[,  Oncc :icc(~[ll])lisllc.cl,  Ibis jwocc.ss
sl)ou]{i p]acc.  rccogl~iz,al>lc  guide sIaTs  wi[liili  IIIC 1111’1’ or WLJ1’I’Ii  fic.ids, pcnnilling  IIIC l’ay]oad  S]mialist  to corlcclly  finc-
]minl tl)c.  inslrumcnts,  even if [tic targc[  ilsclf  was not visib]c. Wticn (IIC lai{:c.t  was Ccnkmd, Ihc lh4fX could k ac.livalcxl (O
s[abili7,c lhc image, and da[a collection bc.p,un.

Since most !:~l@ ]osc and sc[ in ]css [Ilan ollc-ll;ilf  of a 90 min[l[c. Orl)i[  l)crio(j,  ii was csscn[i:il  111:1[  [I]csc stcjN 1X
co]u])lc[cxi ql]ick]y.  Acq[]ili[)g  a [arf,ct CIOSC  to [Im cnr[ll’s  liii]b  paid off in incwascd  obsc.I  va[ion  time..

2.2. [k)lltin~cncy  opcralion
‘J’lIc h4ission  faced many clIallct~gcs. ‘1’IIc  1 t ‘S was fmluc.[111  y unab]c  !0 acquire and [rack cxpcz[cd guide slars  for mosl

larp,cls. ‘1’l]is  Inadc findin~~ lhc scicmcc  lat~,c.[ difficult or iln]nssiblc,  ]Mrlicular]y  ~ivc (IIC mbilal  lime cons[laints.  II) an[icip:~-
lion of IIlis  type of ]woblcIIm,  a ~~ontingcmcy  “J’algcl Acquisi(iol]  (~’I’A) lNoccss  was dcvclo]m] lwior [o launch.  (:’JA required
onboard  CICW Incmbcrs  to idcn(ify the s(:{N acquilcd  by IIIC AS’1’ using ]~lc<lict  fic.ld maps and manually  rcpoiot  based 01] [Ilis
idcn[ifica[ion.  After sotnc Iwac[icc, IIIC CICW bccamc NIcpt at l~c.rformillg  IIicsc o]ma[ions,  and (iul-il~g  ttlc firs!  fc.w days IItc
Coll[inf,cncy  acquisition process looked like it would save a[ sigr)ifican[  flac(ion  of [bc mission’s scicncc,  rc.lurll.  On l)ay 4
addi[iona] failures tll]c.alc]~cd  CVCII il~is ]imilcd  backul)  ca]nbility.  OIlc of IIIC Iwo Spacclab l>ala I)is}llay  Ilni(s (l) IJLI) failed
only 9 lmurs  aflc.r launch, and II)c scmncl failed four  ciays  into IIIC mission. ‘1’t]is [I]cal][ [Ilat IIOt m]ly  would all commands h:ivc
(o k Io:KIc(I  fmn  [IIC grouIKi,  but also that it was no ]ongcr ]msib]c  for IIIC, crew 10 accc.ss IIIC AS’1’ skw data nc.cdcd for IIIC
(:’J’A  IMOCCXS. l@IIutmlcly,  an additional back-up ca]mbili[y  lla(i been dcvclojml  by onc of us (Alcxandc.r) [tl:il  autonomously
idcl]tificd  Ilm SKNS acquired by the. AS’J’.  IJt]ri[)g Ilm ASI1O -1 olmatioils,  II]C ability to automatically calculate IIIC ])i[cll-yaw
offscls  NXXlc.d [o find IIIC l[:irp,c.[ vas added. As soon as AS’1’ star d:ita lmamc avaikib]c. [o Il)c. smund,  pointing  offsets c;ilcu -
l:IIcd  I)y [Ilis ]woppn  V.FCIC Icl;iycd  by voice 10 [t]c CICW, }wmi([ing  ra]]id convcr~cmcc  OH [IIC t:iip,c.t.  Since tltc AS’J’ cou]d
iiC(]llii”C  s[als  for all fields, C.vcn \Yllcn  ]minlcd a fcw dcglcc.s alnvc Iltc. c.atllt’s bri~, t)[ limb, Illis process SOOH bmamc as fas[ and
wliab]c. as would have been ]msib]c bad tl)c II’S and I)IJUS  c)~)cr:ilcd  nonlillally.

IJcsl)ilc  Il]c significant amounl  of Iimc lost 10 [lIcsc nulncrous  aIId sclious Pdilwcs,  over 200 Obscrwilions  of 135 unique
[:ir~c[s  were obtained (al~llloxill]alcly  68 ])crccn[ of tlIc maxilnm cx]m[a[ion).  ‘J’tlis  fc~at could  not bavc bc.cn accom])lisllcd
w’i[lioul  tl]c. lirclcss  c.ffwl  of many individuals ollboald  altd oli llic p,tould sul)lwl  [in:.lllc  fligl]l,  [id Il]c flaw]css  ]~crforlnancc
of (tic AS’1’.

3. ‘1’I{ACKKI{  l) RSIGN

‘l”IIC ,4s’1’ [I;ICkCI Consis[s of tMO major com]ioncnis:  IIIC sc]lsor  asscnlb]y  (SA) and clc.c(lonics  assmbly  (liA). ‘lhc sensor
:isscmbly (I;i8uvc.  ?), inc.lmlc.d  a 250mtn focal  lcu)p,lll f/?.5 lcms,  a 512x320 RCA WI), ald tbcrmoclcct]  ic cooler to slabiliz,cd
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tlm 0(;1) al approxifi]alcly  -47~. Rithc.r  the entire field (2, lx3,5 dcgrccs),  or a mm limilcd  fickl  (?, lx?,5 dcjjyccs),  was read
duling  an acquisi[iol]  sc.qwmcc, while. olIly Sclcckxl windows were CWWkXl during tracking. lk.tails  of ll)c o]xmlillg  modes,
window rc.adout circuitry, and accluisilioa  logic have bcm dcscl ibc 1)] cviously  (}?cf.4  -6).

$1 Rcquircmmts  and operating modm
III a normal  obscrva[icm scqucncc,  the AS’1’ was c.omnlandc~i 10 “opcra[c” af[cr com]k[icm of an II’S SIC.W. “1’tm [lack initialed
the acquisilim  process cvahaliag  availabk s[ars  and a(ljustiw  the CCI) intcfyalioll  tilllc k) give bcsl pcrfmlnancc  for the
lwigl~l CSI objcc.1 io (IIC fickl, Af[cr comparing all canciidalc  stars, up to lhc thrcz Iwigllkst wcm sclcclcd  and rcpcakdly  tracked,
!Ilc.ir  I)rip,l)tmxs  and posi[iom sent to (IIC lh4CS  CSCIY SCCOMI  (update Ialcs as high as 8/sccoIKl could k prcwidcd,  but WCIC not
u[ili~.cd during  [IIC flif,ho. ‘1’able 1 provides a smamary  of [k kcy pc. ]fonl~anc.c quilcmcnls  fo[ IIIC AS’]”.

Tabkl.  ASTPERFOF:MANCE  REQUIREME:N1”S

l’mbability  of S!ar Ac.quisi[ion >97% over ca[irc ihc. cclcslial  spllclc
Noise l~quivalcnt  Angle 0.3 alcscc. 10 (bli:,l}lcsl  slar  in 10V)
Small Scale 1 ,incari[y 0.?. alcscc  10 (Inotiol)  up 1010 atcscc)
Accuracy OvcI I;uI1 ];ickl 4 amcz  10 (g,oal  0.8 arcsc.c)
lJIXMC  Rate 1 11~, nonlinal
Stal Acquisition ‘1’im <30 Scc
Nu! nlm’ of St m ‘1’rac.kc.d Up 103
10111  }’ic]d  of View (1’1’OV) ?.?’” x 3.5°.

1.1 .ilnilc.(i  ~~ickl of Vic.w (J,1 ‘OV) ?.?.O x 2.s0.
l’ixcl Sim ?4.8 x ?4.8 arcscc
(Ju[put Resolution 18 l~iLs/axis  (0.05 arcscc/1  ,S11)
h4agniludc.  Raag,c -0.8 [0+  8.2.

3.2. G1’ouIld  test data
A tlmrough prop, ram of grout]d  Icsliag  was implc.mcnlc.d since. none of [hc opc.raling  algo]”ithm  could M changed in fli~ll[.
1’aI [iculrir alkm[irm  was paid to tlIc acquisition ~mmss 10 assure Il)al  IIlc [hrcc. bri~,lllcs[  slals irl II)c fickl  would bc acquired,
K+Yudkss  of wllcthc.  r(hcy  wcrc first IIlaglli[ll(icorf:iilltcr  (hall cip,llltl, or wllclllcras Wry lip,llt was Cn[crinp, (lICf fic.ld, ck.
liip,ums 3 slid  4 summarize some of lhc ground tc.s[ ICSUIIS  (scnsitivi[y  vcmus sl)c<tlal  class and NliA versus s[al brigllttlcss)
(hat can bc dircc[ly rclakd 10 performance mcasurc~l  durillp. lhc flight,
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4, ]rl,]~]]”j’  ]~I;s[J];I’s

7’IIc, oa-oll)i[  pcr’fomaam  of AS’I”ROS Slar ‘1’radw’ was csscaliall y fiawlcss, acquiring and hacking stars  for every
scicm[ific target  (wi[h tlic cxcc])ticm of Jupiter, where oaly (IIc.  planet i[sc,lf  was lrachl).  ‘1’krc  wc.rc no failed acquisitions over
a l~rig,’tl[acss  raagc grc.alcr lhaa 10 slcllar  mg,ailucics  and as close as 4 dcflrics from Itlc br’i@t  card) ]il[ib.  }ii~ur’c  5 sl]oNIs  lhat
l:iI@3 were acquired ovcir  lhc Mire dcstial splm c, will) lhc Cxcc.j)lioa  of Illc sua cxclusioa zinc, cc.alcrc.ci  appmximalcly  al
(?55,-?0).

RA and lYT of acquirxxi  stars  (1950.0)
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liig. S.l{A[{ll[l  l)rct~fs  lars:{c{l~lil"c(  l}vitl]t  l~cAS'l'(  l~lrillgt  llcAsf['ol  flight.
4.1 AS’1’-baSccl  acquisitk)a

Af[c.r it was kalacd  tlmt  II]C 1}’S was not able to lcliably  acquilc many of [Ilc dcsiml tal’gels, tlm acquisi[ioa  was modified
[o iacludc (tic AS’I’ ia the acquisilicm  loop (ia addition lo itsammal role for the lh4~S). A typical olxscrvatioa  scqucncc
comis[cd  of II]c following s[c])s:
(1) lccJlic.lllillgl  llcsllLltllcl  c)])()siliOIJl  llc(lcsirc.dl:  il~, ctcl(JsC10  lllCz4-  axis(rl()rlll:il  lc)ltlcsll[ltllcl~:ty)
( ? )  slc~ii[lgl  llcll'S[  oillcgcllcml(  lilc.ctiollof  ttlcscic.llccl:llgcl
(3) ac{]l]ilil~gc )l~c.[o[ }~lccst:irswi  tll[llcAS’I’
(4) i(lclllifyitlg  [llcacq[lilccls  lars(lllc)stly sol -

doIIc  automatically cm llIc ~rouII(i)

( 5 )  slcJ~il~gt otl]cdcsiIccllar  gctlJascdolllt]is 40 -

i(ic.alificalicm 30
(6) ccl)lcI-il)gl  llcdc.sirc.dl:irgct\ t'ililil)lllcsci- ~

CJ 20
cacc iaslmmca[’s  ficl(i .,

(7) lcacquiriag  an ASrl’~ll]i(lcst:irscl  ria(i  1x.- .~ 10
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}’ip,am  6 slmws lhc initial poinlin~ offscl,  measured by the AS-l’ aflcr the 11’S is poii~lcd  gc.twally at lIIC scic.t~cc  tar~ct (SICP ?,
abow). Since llIc large.s( field of view avail:tblc  for acquirhl~ IIlc Iarg,cl  ir] a sc;cncc.  insll umcat vms 9 x 1?. arcmin, rm inilial
poinlins  wi[llill  3 arcmin is Scnerally  mquircci  for rcliab]c  idc.nlificalion,  alllcss  a larg,c, easily idcntificxl  targcl  is being soughl.
As c:m bc sc.cn l~igurc 6, Ihc inilial poin[in~  mm was suf[icicmtly  lar~,c (in some cases allnost  ii dc.p,rcc) tl)at the real-lime
idm~lific:i{ion  of AS’1’-acquircd sl:irs bctamc W] csscxllial  SIC]) ia acquit il).g almost all targ,cts.

4.2 Acquisitiolt  stafis[lics
‘Ihc acquisilioa  of plc~iclablc  stars  by IIIC AS’1’ was oac of [IIC keys 10 this entire pmcss. If no slars,  or many um’x-

pcclcd slars wc]c acquircxl, lhc real-lilnc acqaisilion  of scicncc  iargcls would have been jco])atdiz.c(l.  (If an occasioanl
uac.xpcdcd  star, such as a bright  variable, was dclczlcd  it could bc ca$ily  :iccounlcd  for m ifinorcd.)  ‘l”hc algorithm used for
acquisilioli  assunml no a ,priori  Imowkdgc. of C.illm’ llIc. 1)1 i~lltnc.ss of avail riblc slars  or [t lcir distribul  ion acu 0ss tlIc flckl.  11 ws
required mly (0 find tl)c [hrcc brighlcst  slars in the ficl(i,  lc~,adlc.ss  of tllcir  slmli:il  dis[l ibulioa  or lwi~lltncss,  Subjcc[  only  to a
lin)ila[ioa  IM llIc maximulll  raag,c in brigllh)css  could bc no Il)orc Ihaa 2..5 slcllal  magnitudes.

]iach acquisition comislcd  of a succession of full-field frames of varying in(cgraticm  time. ‘lhis  allowed lhc hackc.r
firmw;irc  (Rcfcmm  6) to (1) ra]]idl  y c.onvc.rg,c  on tt)c t~rip,htcst  slar, (2) idc]ifify  (1IC second and [bird twig) llcsl SIaN (if avail-



al)]c), aa(i (3) exile.ulatc tlm in[cgralioa period to give. optimum pcrfor[)mncc  for h brigl]lcst  sW, II] practice, many of Ihc fields

cmtaiacd ao stars Miglltcr M) six[t~  n]ngailudc,  so tk exposure was lirnitcd  by [IIC fixed OUIPUI  flwnc. tin]c  of oac SCCOIKI.

l;igurc  7 illus[mtcs  (he. Iocalicm williia  tlIc ficl(i-of-view of all acquired slars duriag ttIc Inissioa.  AIIIIough Ihc cx]tirc
5 12x3?(i pixc.1 fic%l  was available (oalcr rcdaly,lc ia Fipwc  7), adequate guide s[ars couki always bc fouad wsing ttlc inacr
37 OX31O pixc.ls (1 ,ia~ilcd lJOV) SIIOWJI  as the smaller rc.c(anglc,  avoidias  lhc considerable imap,c dktorh  at the field edge.
‘J’tmc is ao c.vidc.acc.  f[ OI~I this  ];igurc of a favored bcatioll  for acquisition, indic.atiag  tlIat the algoritlm 11’uIY found  the “hcst”

guide smrs  regardless of lllcir  Iocalion.  Similarly, tlIc rtinp,c of star Iwiglltncss  for all fields wllcrc  two or Iln’cc slats  WCIC found
is co]l,sis[cl]t  will] [hc dc.sired ?..5 rl~agailudc cutoff (F’if,ul-c  8). hTolc ttlal if Ihc  bri~hlcst star is faint (above alagnitudc  5), IIIC
likclilmod  of Imviag  lhrcz stars available inmasc.s,  and lhc rcquircil dyjlamic ranp,c dccmisc.s,  as C. XIJC.C[C41.

4,3 IMaglliludc calil~raliol]  find color cormctioa
Allhoup,ll  pcrsitioa, M lwighlacss,  was the a~aia disc] il[]iaalor used il] idcalifyir]g slar fields, a sifg~ifical~l  i~ua~bcr of

fields conlaiacd o])ly  oac  star (f:iintcr s[:irs bciag c]iminalcd  hy the 2..5 a~agai[udc  cu[off). A convincing idcatifica[ion  for [Ilis
case. I c.quircd a rc.ascmably  accuralc  magni[udc calibration. As dc.scl  ilw.d in the previous scztion,  calibration m a funclion of
s[ar  bri~lItI)css  was pcrfomcd  more til:ia five years prior to laul~ch, b:tscd o]t [raasfer  froll~ diwcl s[ar a]casurmc]l[s  ]i]adc w’i[ll
aa c,a~:iaccriag a}odc]  (}iA4)  al ttlc ‘1’able h40ualaia  Ol)scrvalory.  CCl~ quaalua}  cfficic.  ncy curves slmvcd  Iil[lc  varialion  in lIIC
rc]a[ivc spcclral rc.s]msc flolll dcvicc to dcvicc,  so lhc lih4 and flight illslrulllcat w’clc assua]cd to bc idcalical it] color
rc.spo]m.

‘1’l)c. cl]~,iaccxillg  raodcl  was carefully calil)ralc41  usil)g, s[aadatd j)lIotoINctI  ic Icchaiqucs  10 cs[imalc IIic  ahsoq)lioa  of lltc

atm)s IdIcrc as a fuac[;ol~ of star color (Ref. 7). (hw ICSU1l  @oIIcd  ill l:i~urc 3) was a ful~;:[ioti 10 prcdic[
of :illy sl:ir, bascf]  oa it’s color (ll]).Vp), ad Iwig}lt[wss  as scci~ by [he AS”]’ (1’ = illtc~la[iot] til]]c ii]
lMiglllllCSs  oulj)ul  calculated by scaliag [Iw inlcfydlcxl  ic.sI}oIlsc  of all ])ixcls  ill [Im slar’s  ima~,c):

v = 2.5 log (3.99 ‘1’/11) + 0.2 (111,  - Vp )

[hc  visual Illaglliludc
w]illisct, 11 = scllsor

l~i~ulcs 9 (h4:igai[u(ic c.lror vs slar bligh[nc,ss)  and 10 (hfafgli[udc.  cllor vs star color) show the rcmalkably  consis[cnf
]mrfol malwc. over a wide raagc of slws. Nolc thal  tlIc vcrlical dasllcs  slmw tllc range of variability for kllowa  varial~]c  Sl;i[s.
AIIIKNIF,II  (iala scatter iamascs  for fainlcr stals  (due IIlaialy  [o quallli~a[ioa c. ffcc(s  in [hc linear Iwigll[t)css  scale of lIIC AS’1’),
slar a] afpliludcs can slill  bc c.asil  y corrc]at  cd willl  corrcclc.d  calalog  values. It can also bc scca tllal [}IC  tmckc.r pc.rformcd
lil~cally over the ca[irc lwighh~css  raagc, wi[h (rI]ly a sl]lall calibralioa  offscl  (al)proxill]atcly O.15 magailudc),  duc aws[ly 10
coors Iraasfcrl iag calilwa[ioa  froa~ the (31p,illc.c.l’iag  mxlc.1  (0 lilt fliglll uait, ‘1’tlc color rcsImltsc  ]csul[s (I;igulc 10) validalc  II]c

NI{A (pixc]s)  WISUS pcrcc.n[  full scak in~agc
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fissam})[ion  [hat llIcIc was lilllc  Ciiffc.rwcx  bc.twcc.a llIC ((3)s

used, Sup,f,cs[ing  [hal a sing]c cnlibra[ion nli~llt  Mwll  sofficc  fol
an c[il irc ]mdoclion I an of trwlicm.

4.4 Noise cquivalcll(  aa~,lc
l;x[lacling  (Iackcr  ]Wforlnancc in llw pmscncc,  of sig-

nific:illl  llIc. line-of-sigll[ n)o[ion  cxpcricncc.(1 (luring  lhc fligll[
(Ofka  5-10 ar’cscc  ill amplitodc)  rcquird  tile Com]mrisoll  of
silaoll:lnc<ms  dalfi from Iwo or [llrc~ slws (Ref. 8). l;or sla-
(ionary,  bri~,h[  s[ar  ima~cs in Ihc Moralory,  a ll(~isc-cc]lli~’alcllt
ang,]c of ]oughly .003 pixel (.07 arcscc) was coasistcatly
Inc.asorcd.  IFigywc  11 SIIOWS  [lIaI si~nificantly  IIigllcr  NJiA wa, s
measured doring Ihc. ftiglll, allhoogl)  it was well below 0.5
awsccs  for even faint slars,,  ‘1’l)c. fac.1 il)al  Star 3 (faintest ill the
field) ,Ec.]icrally  cxllibi[cd lIIC ]OWC.S[ NliA sl]ggcs[s  rcsidaal
coallihulions from line-of-si~lll molioa arc slill  prc.sc.nt in
IImc (Iata.

4.S hfcasurcn)cnt  :ICCUIaCy
la oIdc.I to s[a(ly  lIackcI accuIacy ovc.I small  (<100 alc-

scc) in)agc. disldaccmcn[s,  borcsiglll  motion  daring  tllc olxcr-
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l:i~. 14 Cer,troid error  shnl!.n  ilI-fliglIt

val iorl, as vmil as [I acking Iwo or mow s[ars, were rcqailcxl,  Ch)c such case, [Ilc observation of {Mlct I my, w:ts Slo(f icd ia
dclail.  When Ilw. crbscrvallioa  bcgar~, lllrcc  stars wclc acquircci,  located ap]MoxinMlcl  y at lllc  foltowilig  (line, column) coor-
diaalcs:  (1 ?0,1 85), (160,35) and (405,40). As the ccrmct  moved, cac!l s[ar imckcd across roug}lly  [I)rc.c W1> columas and lines,
~ivinfl cxccllc.nt data on small  scale cr]-ors ii) the ccn[roici  calculalioa.  As in tlIC NJ{A  case, II]C IarSc, common  motion of Ihc
bore.sigllt lIad  to bc eliminate.d before IIlc  cc.ntmid  cr mrs bwarnc.  appm  cwt.

.

[;igorc.s  12, 13 and  14 disIday  the rcsa]t, Without aay liacariz,a[ion  of tl)c cc.r]t[oid algoritl]nl,  a peak-lo-peak error o f
IOugl]ly  1/10 ])ixcl is observed ia the worst case (s[ars near ll]c flcld  ccigc, crlols  for boll) stars  adding in phase.). Will)  appro-
priate  s.election of calilmition  c.ocfficicnts  these c.nors  caa bc rcdllccd hy aa order-of map,ni[a(ic  (I;ip,llrc 13). Since tile stability



,

of lhis  calibration f.lcpcnds  critically ol) tlIc slabilily  of llIc slar  imgc poinl-sprmi  functioIl, WC cxpcricwxi consicimiblc
cc.Im oid C. IICII with [iic. cocfficic!lts  acluall  y flown (I:igyuc 14). It shouid  bc possible to acilicvc  PCI fomanc.c  c{)llll~]cl~sllr:~tc
wilil  that shown in Iiigurc 14 with cxtcmivc grou[lci calihralioll all(i very stable oplics,  or pcrilfips using il~-fligtlt c:iiihraliolus al
Sc\’Cl’iil  poil~!s  ac]oss  lilC fiC.l(i.

& coN~l ,lJS1ONS

‘lhc.  As[ro-1  flip,ilt provi(icli a wcaltil of d.ala corlobmalil}g  lilt  Illany  sigtifican[  advamgcs  pcdic[cd  for CCI)-lXNXI  star

lrackiog,  ‘1’IIC pi]oton]ctrk,  gcomtric and spccwi pclfo]mancc.  ]cn~aincd csscntialiy  unc.tlangcci ovc.r [i]c five yc.ar launct)  (iclay
Ill:il  was cx;)cricncc~i. ‘1’IK bcs(  guide slam were aukm:ilicaliy  found for ali 135 scicncz (arp,c.ts,  implying IIMI faikxi  star
acqui!;iliolls  ncut k no  ]ongcr a concern 10 mission plannc]s. Wi[h lhc. Cmlhinalicm of ilif,il  accuracy, bo[ll p,comc[ric  an(i
]dmtomc[ric,  and virtually certain acquisition of i(icntifiabic  s(ars,  (i)c.  AS’1’ has ilc.lpcd ushc.r in a ncw cra in star tl acking.

6, A~KN()\$’I.Ill)  (; I:hfJ; N’J’S
‘J’ilc aulhors  arc gyatcful  (o (1IC cniirc  AS’I’ (ic.vclo]mcllt  lcam at 11’1, for lhc really long hours an[i dc(iicatcd  cffml

rcquilcxi for’ achieving this  success. WC also thank the As[m-]  (cam at llIC George ~. hflarshali  S])acc }~light Gmtcr for [Ilcir

ck)sc ;SU]y)OI-t  and  cooperation tllroug,i)  the dcvc]o]mc.nl,  slan(i-(iown,  an(i flip,ilt  slagcs of lIIC ]mjccl.

‘1’IIc  rcscawil  dc.scrilxxi  in Ibis ~)apc.r was cawic~i  OUI  by [IIC Jet l’lc)]mision  1,almra[ory, (~alifornia  lns[i[utc,  of ‘l’cci)nolo-
F,y, uncicr a co])[rac[ with Iiw National Acrot~aulics al~d SIKKC A(ll~]il~istl:itic)ll.
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